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(54) METHOD FOR MANUFACTURING MACROMOLECULAR OPTICAL WAVEGUIDE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a simple 
method for manufacturing a macromolecular optical 
waveguide at low cost. 

SOLUTION: The method for manufacturing the 
macromolecular optical waveguide includes the stages 
of: (1) preparing a mold which is formed of a set layer of 
setting resin for mold formation and has a recess 
corresponding to an optical waveguide core projection 
part, an intake for filling the recess with a setting resin for 
core formation, and a discharge outlet for discharging 
the resin from the recess (2) bringing a film base 
material for a clad which is to be in excellent contact with 
the mold into contact with the mold; (3) charging the 
setting resin for core formation into the recess of the 
mold from the intake of the mold with which the film base material for clad is brought into 
contact; (3) setting the charged setting resin for core formation and releasing the mold from 
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the film base material for the clad; and (5) forming a clad layer on the film base material for 
clad where a core is formed. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 
[Claim 1] 

1) The crevice corresponding to [ it is formed from the hardening layer of the hardenability resin for 
mold formation, and ] optical waveguide core heights, The process for which the mold which has the 
admission port for filling up this crevice with the hardenability resin for core formation and an exhaust 
port for making said resin discharge from said crevice is prepared, 2) The process which adhesion with 
this mold makes stick the good film base material for clads to mold, 3) The process which fills up the 
crevice of said mold with the hardenability resin for core formation by capillarity from the admission 
port of the mold to which the film base material for clads was stuck, 4) The manufacture approach of the 
macromolecule optical waveguide which has the process which is made to harden the filled 
hardenability resin for core formation, and exfoliates mold from the film base material for clads, and the 
process which forms a cladding layer on the film base material for clads with which five cores were 
formed. 
[Claim 2] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by being formed by [ to which said cladding layer applied the hardenability resin for clads ] carrying out 
postcure. 
[Claim 3] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by being formed when said cladding layer sticks the film for clads with this film and adhesives with a 
near refractive index. 
[Claim 4] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 

by said hardenability resin for mold formation being liquefied silicone rubber. 

[ClaimS] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the surface energy of said mold being 10 dyn/cm - 30 dyn/cm. 
[Claim 6] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the share (Share) rubber degrees of hardness of said mold being 15-80. 
[Claim 7] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the surface roughness of said mold being 0.5 micrometers or less. 
[Claim 8] 

The manufacture approach of macromolecule optical waveguide according to claim 1 that said mold is 
characterized by being light transmission nature in an ultraviolet region and/or a visible region. 
[Claim 9] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
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by the refractive index of said film base material for clads being 1 .55 or less. 
[Claim 10] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by said film base material for clads being an alicyclic acrylic resin film. 
[Claim 11] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by said film base material for clads being an alicyclic define resin film. 
[Claim 12] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 1 characterized 
by being the resin film with which said alicyclic olefine resin film has norbornene structure in a 
principal chain, and has a polar group in a side chain. 
[Claim 13] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by decompressing a system in the process which fills up the crevice of said mold with said hardenability 
resin for core formation by capillarity. 
[Claim 14] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the viscosity of said hardenability resin for core formation being 10 mPa-s - 2000 mPa-s. 
[Claim 15] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the volume change when stiffening said hardenability resin for core formation being 10% or less. 
[Claim 16] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the refractive index of said cladding layer being the same as the film base material for clads. 
[Claim 17] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by being in the range whose path of said core is 10 micrometers - 500 micrometers. 
[Claim 18] 

The manufacture approach of the macromolecule optical waveguide according to claim 1 characterized 
by the refractive index of the hardened material of said hardenability resin for core formation being 1 .50 
or more. 
[Claim 19] 

The manufacture approach of macromolecule optical waveguide according to claim 1 that the refractive- 
index difference of said film base material for clads and cladding layer, and core is characterized by a 
certain thing 0.0 1 or more. 
[Claim 20] 

1) The crevice corresponding to [ it is formed from the hardening layer of the hardenability resin for 
mold formation and ] optical waveguide core heights, The process for which the mold which has the 
admission port for filling up this crevice with the hardenability resin for core formation and an exhaust 
port for making said resin discharge from said crevice is prepared, 2) The process which adhesion with 
this mold makes stick the good film base material for clads to mold, 3) The manufacture approach of the 
macromolecule optical waveguide which has the process which fills up the crevice of said mold with the 
hardenability resin for core formation by capillarity, and the process which stiffens the hardenability 
resin for core formation which carried out 4 restoration from the admission port of the mold to which the 
film base material for clads was stuck. 



[Translation done.] 
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♦ NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to the manufacture approach of optical waveguide and especially flexible 

macromolecule optical waveguide. 

[0002] 

Pescription of the Prior Art] 

How (selective polymerization method) to infiltrate a monomer into (1) film, to expose the core section 
alternatively as the manufacture approach of macromolecule waveguide, to change a refractive index, 
and to make a film rival, (2) How to form the clad section after applying a core layer and a cladding 
layer using reactant ion ECHINGU (the RIE method), (3) The ultraviolet-rays hardening resin which 
added the photosensitive ingredient is used into polymeric materials. The method (the photograph 
breeching method) of exposing the core section and changing the refractive index of the core section etc. 
is proposed after applying the approach (the direct exposing method) using the photolithography method 
exposed and developed, the method of using (4) injection molding, (5) core layers, and a cladding layer. 
However* the selective polymerization method of (1) has a problem in the lamination of a film, in order 
to use the photolithography method for the approach of of (2) and (3), it becomes cost quantity, and the 
approach of (4) has a technical problem in the precision of the core diameter obtained. Moreover, the 
approach of (5) has the problem referred to as being unable to take sufficient refractive-index difference 
of a core layer and a cladding layer. 

Although the practical approach excellent in current and an engine-performance target is only the 
approach of of (2) and (3), it has the problem of the cost like the above. And neither of the approaches, 
(1) nor thru/or (5), can be applied to forming macromolecule waveguide in a flexible plastics base 
material by the large area. 
[0003] 

Moreover, although the pattern substrate (clad) with which the pattern of the slot used as a capillary tube 
was formed as an approach of manufacturing macromolecule optical waveguide is filled up with the 
polymer precursor ingredient for cores and the approach of making carry out postcure, making a core 
layer, and sticking a flat-surface substrate (clad) on it is learned By this approach, as a result of filling up 
only a capillary tube slot with a polymer precursor ingredient thinly, being extensively hardened also 
between a pattern substrate and a flat-surface substrate and forming the film of the same presentation as 
a core layer in it, there was a problem that light will be revealed through this film, 
the DEBITTO heart fixed the pattern substrate and the flat surface substrate with which the pattern of 
the slot used as a capillary tube be formed with the fixture for a clamp , after the seal etc. carried out the 
contact part of a pattern substrate and a flat surface substrate by resin further , it decompressed , it filled 
up the capillary tube with the monomer ( diallyl isophthalate ) solution , and propose the approach of 
manufacture macromolecule optical waveguide , as one of the approaches of solve this problem ( see the 
following patent reference I ) . This approach is an approach by which a monomer is used, and you 
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hypoviscosity-ize a packing material instead of using a polymer precursor ingredient as a resin 
ingredient for core formation, and make it filled up in a capillary tube using capillarity, and it is made 
not to fill up with a monomer in addition to a capillary tube. 

However, since this approach uses the monomer as a charge of core formation material, its rate of a 
volumetric shrinkage at the time of a monomer carrying out a polymerization and becoming a polymer is 
large, and it has the problem to which the transmission loss of macromolecule optical waveguide 
becomes large and to say. 

Moreover, it is a complicated approach, and it cannot turn [ carry out / further / in addition to this / or 
this approach fixes a pattern substrate and a flat-surface substrate by the clamp / approach / by resin / the 
seal of the contact section ] to mass production, and, as a result, it cannot expect a cost fall. Moreover, 
thickness is unable to apply to manufacture of the macromolecule optical waveguide using mm order or 
a film 1 mm or less as a clad. 
[0004] 

Moreover, George M.Whitesides and others of Harvard University has advocated the approach of 
capillary tube micro mold as one of the software lithography recently as a new technique which makes 
nano structure. This is an approach which makes a master substrate using photolithography and copies 
the nano structure of a master substrate to the mold of PDMS using the adhesion of poly 
dimethylsiloxane (PDMS), and easy detachability, and slushes a liquid polymer into this mold and it is 
made to solidify using capillarity. The detailed interpretive article is indicated by the following 
nonpatent literature 1, 
[0005] 

Or Kim Enoch and others of the group of George M.Whitesides of a bird university applies for the 
patent about the capillary tube micro mold method (see the following patent reference 2). 
However, even if it applies the manufacture approach given in this patent to manufacture of 
macromolecule optical waveguide, since the cross section is small, the core section of optical waveguide 
requires time amount for forming the core section, and is not suitable for mass production. Moreover, 
when a monomer solution carries out a polymerization and becomes a macromolecule, the configuration 
of a lifting core changes a volume change, and it has the fault that transmission loss becomes large. 
[0006] 

Moreover, B.Michel and others of the IBM CHURIHHI lab has proposed the lithography technique of 
high resolution in which PDMS was used, and has reported acquiring dozens of nm resolution by this 
technique. The detailed interpretive article is indicated by the following nonpatent literature 2. Thus, the 
software lithography technique using PDMS and the capillary tube micro mold method are the 
techniques of attracting attention mainly by the U.S., as nanotechnology recently. 
[0007] 

However, if optical waveguide is produced using the micro mold method like the above, it cannot 
reconcile what the rate of a volumetric shrinkage at the time of hardening is made small for (therefore, 
transmission loss is made small), and hypoviscosity-izing restoration liquids (monomer etc.), in order to 
make restoration easy. Therefore, if it takes making transmission loss small into consideration 
preferentially, viscosity of a restoration liquid cannot be made below into a certain limit, but a 
restoration rate becomes slow, and mass production cannot be desired. Moreover, it is the requisite that 
glass and a silicon substrate are used for the aforementioned micro mold method as a substrate, and 
using a flexible film base material is not taken into consideration. 
[0008] 

[Patent reference 1] 

Patent official report No. 3151364 specification 
[Patent reference 2] 

U.S. Pat. No. 6355198 number specification 
[Nonpatent literature 1] 

SCIENTIFIC AMERICAN SEPTEMBER 2001 (the Nikkei Science December, 2001 issue) 
[Nonpatent literature 2] 



http://www4.ipdl.ncipi.gojp/cgi-bin/tran_web_cgi_ejje 



8/15/05 



JP,2004-086144,A [DETAILED DESCRIPTION] Page 3 of 12 



IBM J. REV. & DEV. VOL. 45 NO. 5 SEPTEMBER 2001 
[0009] 

[Problem(s) to be Solved by the Invention] 

This invention is made in view of the trouble like the above, and the purpose is in offering the approach 

of manufacturing macromolecule optical waveguide by low cost, by the simple approach. 

[0010] 

[Means for Solving the Problem] 

(1) The crevice corresponding to [ it is formed from the hardening layer of the hardenability resin for 1 
mold formation, and ] optical waveguide core heights, The process for which the mold which has the 
admission port for filling up this crevice with, the hardenability resin for core formation and an exhaust 
port for making said resin discharge from said crevice is prepared, 2) The process which adhesion with 
this mold makes stick the good film base material for clads to mold, 3) The process which fills up the 
crevice of said mold with the hardenability resin for core formation by capillarity from the admission 
port of the mold tp which the film base material for clads was stuck, 4) The manufacture approach of the 
macromolecule optical waveguide which has the process which is made to harden the filled 
hardenability resin for core formation, and exfoliates mold from the film base material for clads, and the 
process which forms a cladding layer on the film base material for clads with which five cores were 
formed. 

[0011] 

(2) The manufacture approach of macromolecule optical waveguide given in the above (1) characterized 
by being formed by [ to which said cladding layer applied the hardenability resin for clads ] carrying out 
postcure. 

(3) The manufacture approach of macromolecule optical waveguide given in the above (1) characterized 
by being formed when said cladding layer sticks the film for clads with this film and adhesives with a 
near refractive index. 

(4) The manufacture approach of macromolecule optical waveguide given in the above (1) characterized 
by said hardenability resin for mold formation being liquefied silicone rubber. 

[0012] 

(5) The manufacture approach of macromolecule optical waveguide given in the above (1) characterized 
by the surface energy of said mold being 10 dyn/cm - 30 dyn/cm. 

(6) The manufacture approach of macromolecule optical waveguide given in the above (1) characterized 
by the share (Share) rubber degrees of hardness of said mold being 15-80. 

(7) The manufacture approach of macromolecule optical waveguide given in the above (1) characterized 
by the surface roughness of said mold being 0.5 micrometers or less. 

(8) The manufacture approach of macromolecule optical waveguide given in the above (1) said whose 
mold is characterized by being light transmission nature in an ultraviolet region and/or a visible region. 

(9) The manufacture approach of the macromolecule optical waveguide according to claim 1 
characterized by the refractive index of said film base material for clads being 1 .55 or less. 
[0013] 

(10) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by said film base material for clads being an alicyclic acrylic resin film. 

(11) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by said film base material for clads being an alicyclic olefine resin film. 

(12) The manufacture approach of macromolecule optical waveguide given in the above (11) 
characterized by being the resin film with which said alicyclic olefine resin film has norbornene 
structure in a principal chain, and has a polar group in a side chain. 

[0014] . 

(13) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by decompressing a system in the process which fills up the crevice of said mold with said 
hardenability resin for core formation by capillarity. 

(14) The manufacture approach of macromolecule optical waveguide given in the above (1) 
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characterized by the viscosity of said hardenability resin for core formation being 10 mPa-s - 2000 mPa- 
s. 

(15) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by the volume change when stiffening said hardenability resin for core formation being 
10% or less. 

(16) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by the refractive index of said cladding layer being the same as the film base material for 
clads. 

[0015] 

(17) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by being in the range whose path of a core is 10 micrometers - 500 micrometers. 

(18) The manufacture approach of macromolecule optical waveguide given in the above (1) 
characterized by the refractive index of the hardened material of said hardenability resin for core 
formation being 1.50 or more. 

(19) The manufacture approach of macromolecule optical waveguide given in the above (1) whose 
refractive-index difference of said film base material for clads and cladding layer, and core is 
characterized by a certain thing 0.01 or more. 

(20) The crevice corresponding to [ it is formed from the hardening layer of the hardenability resin for 1 
mold formation, and ] optical waveguide core heights, The process for which the mold which has the 
admission port for filling up this crevice with the hardenability resin for core formation and an exhaust 
port for making said resin discharge from said crevice is prepared, 2) The process which adhesion with 
this mold makes stick the good film base material for clads to mold, 3) The manufacture approach of the 
macromolecule optical waveguide which has the process which fills up the crevice of said mold with the 
hardenability resin for core formation by capillarity, and the process which stiffens the hardenability 
resin for core formation which carried out 4 restoration from the admission port of the mold to which the 
film base material for clads was stuck. 

[0016] 

[Embodiment of the Invention] 

The manufacture approach of the macromolecule optical waveguide of this invention has the following 
processes. 

1) The process for which the mold which has the admission port for being formed from the hardening 
layer of the hardenability resin for mold formation, and filling up the crevice corresponding to optical 
waveguide core heights and this crevice with the hardenability resin for core formation and an exhaust 
port for making said resin discharge from said crevice is prepared 

2) The process which adhesion with this mold used as a clad makes stick the good film base material for 
clads to mold 

3) The process which fills up the crevice of said mold with the hardenability resin for core formation by 
capillarity from the admission port of the mold to which the film base material for clads was stuck 

4) The process which is made to harden the filled hardenability resin for core formation, and exfoliates 
mold from the film base material for clads 

5) The process which forms a cladding layer on the film base material for clads with which the core was 
formed 

[0017] 

If adhesion with mold sticks the good film base material for clads to mold like the above, the 
manufacture approach of the macromolecule optical waveguide of this invention Even if it does not 
make both fix using a special means (it is a means for detachable like a publication to said patent No. 
3151364 specification), in addition to the crevice structure formed in mold It is a thing based on having 
found out that the hardenability resin for core formation could be made to advance only into said 
crevice, without generating an opening between mold and the film base material for clads. A production 
process is simplified extremely, and the manufacture approach of the macromolecule optical waveguide 
of this invention can produce macromolecule optical waveguide easily, and makes it possible to produce 
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macromolecule optical waveguide by low cost extremely as compared with the manufacture approach of 
the conventional macromolecule optical waveguide. Moreover, by the manufacture approach of the 
macromolecule optical waveguide of this invention, a loss loss is highly precise few, and the flexible 
macromolecule optical waveguide which enables free loading to various devices is obtained. 
Furthermore, the configuration of macromolecule optical waveguide etc. can be set up freely. 
[0018] 

Below, the manufacture approach of the macromolecule optical waveguide by this invention is 
explained in order of a process. 

1) The process for which the mold which has the admission port for being formed from the hardening 
layer of the hardenability resin for mold formation, and filling up the crevice corresponding to optical 
waveguide core heights and this crevice with the hardenability resin for core formation and an exhaust 
port for. making said resin discharge from said crevice is prepared 

Although it is desirable to carry out using the original recording in which the heights corresponding to 
an optical waveguide core were formed as for production of mold, it is not limited to this. Below, how to 
use original recording is explained. 
<Production of original recording> 

It can use for production of the original recording in which the heights corresponding to an optical 
waveguide core were formed, without a limit especially, the conventional approach, for example, 
photolithography method. Moreover, the approach (application for patent No. 10240 [ 2002 to ]) of 
producing macromolecule optical waveguide by the electrodeposition process or photoelectrical arrival 
method for which these people applied previously is also applicable to producing original recording. The 
magnitude of the heights corresponding to the optical waveguide core formed in original recording is 
suitably decided according to the application of macromolecule optical waveguide etc. For example, in 
the case of the optical waveguide for single modes, in the case of the optical waveguide for multimodes, 
generally, the core of 50-100-micrometer angle extent is used in the core of 10-micrometer angle extent, 
but the optical waveguide which has about hundreds of micrometers and the still bigger core section 
depending on an application is also used. 
[0019] 

<Production of mold> 

After applying the hardenability resin for mold formation to the field in which the heights corresponding 
to the optical waveguide core of the original recording which is the above, and was made and produced 
were formed, or carrying out casting and carrying out desiccation processing if needed, mold stiffens 
this resin, subsequently, it exfoliates and the hardening layer is produced. Although the formation 
approach of the exhaust port for making said resin discharge from the admission port for filling up the 
crevice corresponding to said heights with the hardenability resin for core formation and the crevice 
corresponding to said heights does not have especially a limit and the heights corresponding to 
admission port or an exhaust port can also be beforehand prepared in original recording As a simple 
approach, after forming the hardening layer of the hardenability resin for mold formation in original 
recording, it exfoliates, for example, and a mold is taken, and the approach of forming admission port 
and an exhaust port is mentioned by cutting so that said crevice may expose the both ends of a mold 
after that. 

Although the thickness of said hardening layer is suitably decided in consideration of the handling 
nature as mold, generally about 0.1 -50mm is suitable for it. 

Moreover, it is desirable to perform mold release processing of release agent spreading etc. to said 

original recording beforehand, and to promote exfoliation with mold. 

[0020] 

If [ for mold formation ] hardenability resin is carried out, it is desirable that the hardened material can 
exfoliate easily from original recording, to have the mechanical strength and dimensional stability more 
than fixed as mold (for it to use repeatedly), to have the hardness (degree of hardness) which maintains a 
crevice configuration, and that adhesion with the film base material for clads is good. Various additives 
can be added to the hardenability resin for mold formation if needed. 
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The hardenability resin for mold formation can carry out spreading, casting, etc. on the surface of 
original recording, and since it must copy correctly the heights corresponding to each optical waveguide 
core formed in original recording, it is desirable to have the viscosity below a certain limit, for example, 
500 - 7000 mPa-s extent. (In addition in "the hardenability resin for mold formation" used in this 
invention, the thing used as the rubber-like object which has elasticity is also contained after hardening.) 
It can add to extent to which the bad influence of a solvent does not come out of a solvent for viscosity 
accommodation again. 
[0021] 

As said hardenability resin for mold formation, the hardenability organopolysiloxane used as silicone 
rubber (silicone elastomer) or silicone resin is preferably used after hardening from the point of adhesion 
with the detachability like the above, mechanical strength and dimensional stability, a degree of 
hardness, and the base material for clads. As for said hardenability organopolysiloxane, what contains a 
methyl siloxane radical, an ethyl siloxane radical, and a phenyl siloxane radical in a molecule is 
desirable* Moreover, the 2 liquid type thing to use combining a 1 liquid type thing or a curing agent is 
sufficient as said hardenability organopolysiloxane, and the thing or the thing of a room-temperature- 
curing mold (for example, thing to harden with the moisture in air) of a heat-curing mold is sufficient as 
it, and it may use hardening (ultraviolet curing etc.) of further others. 
[0022] 

As said hardenability organopolysiloxane The thing used as the silicone rubber after hardening is 
desirable, and what is usually called liquefied silicone rubber (what has high viscosity is contained like 
the shape of a paste into "being liquefied") is used for this. The liquefied silicone rubber of an addition 
mold does not have a by-product in that case, or it hardens for a short time uniformly [ the 2 liquid type 
thing to use combining a curing agent is desirable, and / a front face and the interior ] especially, and it 
is [ there is, and ] excellent in a mold-release characteristic, and since contraction is also small, it is used 
preferably. [ little ] 
[0023] 

Liquefied dimethylsiloxane rubber is desirable from the point of adhesion, detachability, reinforcement, 
and a degree of hardness also especially in said liquefied silicone rubber. Moreover, the mold which 
generally made the hardened material of liquefied dimethylsiloxane rubber after this since the refractive 
index was as low as about 1 .43 can be used as a cladding layer as it is, without making it exfoliate from 
the base material for clads. In this case, a device in which mold, and the filled resin for core formation 
and the filled base material for clads do not separate is needed. 
[0024] 

From the viewpoint which make degassing easy to copy the heights corresponding to an optical 
waveguide core correctly, and to lessen mixing of air bubbles, and to carry out, and the point of mold 
formation with a thickness of several mm, the viscosity of said liquefied silicone rubber has the 
desirable thing of 500 - 7000 mPa-s extent, and its thing of 2000 - 5000 mPa-s extent is more more 
desirable still. 
[0025] 

furthermore, the surface energy of mold lOdyn/cm- it is desirable that there is 30 dyn/cm in the range 
of 15 dyn/cm - 24 dyn/cm preferably in terms of adhesion with a base material film. 
As for the share (Share) rubber degree of hardness of mold, it is desirable 15-80, and that it is 20-60 
preferably, in view of maintenance of the templating engine performance and a crevice configuration, 
and the point of detachability. 

As for the surface roughness (mean square granularity (RMS)) of mold, it is preferably desirable to 
make it 0.1 micrometers or less in terms of the templating engine performance 0.5 micrometers or less. 
[0026] 

Moreover, as for mold, in an ultraviolet region and/or a visible region, it is desirable that it is light 
transmission nature. It is because the thing with desirable mold being light transmission nature in a 
visible region can observe signs that can position easily and a mold crevice is filled up with the 
hardenability resin for core formation in the following processes of 3 in case mold is stuck to the film 
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base material for clads in the following processes of 2 and the completion of restoration etc. can check 
easily. Moreover, when using ultraviolet-rays hardenability resin as hardenability resin for core 
formation, the thing with desirable mold being light transmission nature in an ultraviolet region is for 
spacing mold and performing ultraviolet curing, and it is desirable that the permeability in the ultraviolet 
region (250nm - 400nm) of mold is 80% or more. 
[0027] 

^ If the silicone rubber after hardening and the becoming liquefied silicone rubber are excellent in the 
conflicting property of adhesion and detachability with the base material for clads, and have the capacity 
to copy nano structure and silicone rubber and the base material for clads are stuck, even penetration of 
a liquid can be prevented also in said hardenability organopolysiloxane. In order that the mold using 
such silicone rubber may copy original recording with high precision and may stick it to the base 
material for clads well, it becomes possible [ filling up efficiently only the crevice between mold and the 
base material for clads with the resin for core formation ], and exfoliation of the base material for clads 
and mold is also still easier for it. Therefore, from this mold, the macromolecule optical waveguide 
which maintained the configuration with high precision can be produced very simple. 
[0028] 

2) The process which adhesion with this mold makes stick the good film base material for clads to said 
mold 

Since it can be used also as optical wiring, an optical separator, etc. between a coupler and a board, the 
optical waveguide of this invention is chosen as an ingredient of said film base material in consideration 
of optical properties, such as a refractive index of this ingredient, and light transmission nature, a 
mechanical strength, thermal resistance, adhesion with mold, flexibility (flexibility), etc. according to 
the application. It is desirable to produce the macromolecule optical waveguide which has flexibility 
using a flexible film base material. As said film, an alicyclic acrylic resin film, an alicyclic olefine resin 
film, a triacetic-acid cellulose film, a fluorine-containing resin film, etc. are mentioned. In order that the 
refractive index of a film base material may secure a refractive-index difference with a core, it is smaller 
than 1 .55 and its desirable thing made smaller than 1 .53 is desirable. 
[0029] 

OZ- 100.0 which introduced aliphatic cyclic hydrocarbon, such as tricyclodecane one, into the ester 
interchange radical as said alicyclic acrylic resin film, OZ-1 100 (Hitachi Chemical Co., Ltd. make), etc. 
are used. 

Moreover, the thing which has norbornene structure in a principal chain as an alicyclic olefine resin 
film, and the thing which has norbornene structure in a principal chain, and has polar groups, such as an 
alkyloxy carbonyl group (it is the thing and cycloalkyl radical of carbon numbers 1-6 as an alkyl group), 
in a side chain are mentioned. Especially since the alicyclic olefine resin which has norbornene structure 
in the principal chain like the above especially, and has polar groups, such as an alkyloxy carbonyl 
group, in a side chain has the outstanding optical properties, such as a low refractive index (refractive 
indexes are the 1.50 neighborhoods and the difference of the refractive index of a core clad can be 
secured), and high light transmission nature, is excellent in adhesion with mold and further excellent in 
thermal resistance, it fits production of the macromolecule optical waveguide of this invention. 
Moreover, the thickness of said film base material is appropriately chosen in consideration of flexibility, 
rigidity, the ease of handling, etc., and, generally 0.1mm - its about 0.5mm is desirable. 
[0030] 

3) The process which fills up the crevice of said mold with the hardenability resin for core formation by 
capillarity from the admission port of the mold to which the film base material for clads was stuck 
While filling up the crevice of said mold with the hardenability resin for core formation by capillarity 
from the admission port of mold, the hardenability resin for core formation with which the crevice was 
filled up is made to discharge from said exhaust port in this process. 

As hardenability resin for core formation, resin, such as radiation-curing nature, electron ray 
hardenability, and thermosetting, can be used, and ultraviolet-rays hardenability resin and thermosetting 
resin are used preferably especially. 
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As the ultraviolet-rays hardenability resin or thermosetting resin for said core formation, the mixture of 
ultraviolet-rays hardenability or a thermosetting monomer, oligomer, or a monomer and oligomer is 
used preferably. 

Moreover, an epoxy system, a polyimide system, and acrylic ultraviolet-rays hardenability resin are 

preferably used as said ultraviolet-rays hardenability resin. 

[0031] 

In order to make the opening (crevice of mold) formed between mold and a film base material of 
capillarity fill up with the hardenability resin for core formation, the hardenability resin for core 
formation to be used needs to be hypoviscosity enough so that it may be possible, therefore, the 
viscosity of said hardenability resin « 10 mPa-s - 2000 mPa-s - desirable - 20mPa-s- it is desirable to 
make it still more preferably 30 mPa-s - 500 mPa-s 1000 mPa-s. 

In addition, in order to reproduce the configuration of the origin which the heights corresponding to the 
optical waveguide core formed in original recording have with high precision, it is required for the 
volume change before and behind hardening of said hardenability resin to be small. For example, if the 
volume decreases, it will become the cause of guided wave loss. Therefore, as for said hardenability 
resin, what has as small a volume change as possible is desirable, and it is desirable that it is 6% or less 
preferably 10% or less. To avoid is more desirable if it can perform hypoviscosity-izing using a solvent, 
since the volume change before and behind hardening is large. 

Since the volume change after hardening of the hardenability resin for core formation (contraction) is 
made small, a polymer can be added to said resin. As for said polymer, what has compatibility with the 
hardenability resin for core formation, and does not have a bad influence on the refractive index of this 
resin, an elastic modulus, and a transparency property is desirable. Moreover, a volume change is made 
small by adding a polymer, and also the glass transition point of viscosity or hardening resin is 
controllable to altitude. Although the thing of acrylic, a methacrylic-acid system, and an epoxy system is 
used as said polymer, it is not limited to these. 
[0032] 

die cladding layer in the process of said film base material (5 of the following) that the refractive index 
of the hardened material of the hardenability resin for core formation serves as a clad - containing — a 
large thing is required and is 1.53 or more preferably 1 .50 or more, the cladding layer in the process of a 
clad (5 of the following) - containing - the difference of the refractive index of a core is 0.03 or more 
preferably 0.01 or more. 
[0033] 

Moreover, in this process, in order to promote the restoration to the mold crevice of the hardenability 
resin for core formation by capillarity, it is desirable to decompress the whole system (about 0.1-200Pa). 

Moreover, in order to promote said restoration, hypoviscosity-izing more is also an effective means by 
heating the hardenability resin for core formation with which it is filled up from the admission port of 
mold in addition to reduced pressure of said system. 
[0034] 

4) The process which is made to harden the filled hardenability resin for core formation, and exfoliates 
mold from a film base material 

The filled hardenability resin for c<jf e formation is stiffened. In order to stiffen ultraviolet-rays 
hardenability resin, an ultraviolet ray lamp, ultraviolet rays LED, UV irradiation equipment, etc. are 
used. Moreover, in order to stiffen thermosetting resin, heating in oven etc. is used. 
Moreover, if conditions, such as a refractive index, are fulfilled, the mold used at said process of 1-3 is 
possible also for using for a cladding layer as it is, in this case, it does not need to exfoliate and mold 
will be used for it as a cladding layer as it is. In this case, it is desirable to ozonize mold, in order to raise 
the adhesive property of mold and core materials. 
[0035] 

5) The process which forms a cladding layer on the film base material with which the core was formed 
although a cladding layer is formed on the film base material with which the core was formed, a film 
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base material for clads which was used at the process of a film (for example, said 2) as a cladding layer 
uses similarly — having — the layer which applies and stiffened the hardenability resin for clads, the poly 
membrane which applies the solvent solution of polymeric materials and is obtained by drying are 
mentioned. As hardenability resin for clads, ultraviolet-rays hardenability resin and thermosetting resin 
are used preferably, for example, the mixture of ultraviolet-rays hardenability or a thermosetting 
monomer, oligomer, or a monomer and oligomer is used. 

In order to make small the volume change after hardening of the hardenability resin for clad formation 
(contraction), the polymer (for example, a methacrylic-acid system, an epoxy system) which has this 
resin and compatibility and does not have a bad influence on the refractive index of this resin, an elastic 
modulus, and a transparency property can be added to this resin. 
[0036] 

Although it is stuck using adhesives when using a film as a cladding layer, it is desirable in that case for 
the refractive index of adhesives to be as near as the refractive index of this film. Ultraviolet-rays 
hardenability resin or thermosetting resin is used preferably, for example, as for the adhesives to be 
used, the mixture of ultraviolet-rays hardenability or a thermosetting monomer, oligomer, or a monomer 
and oligomer is used. 

In order to make small the volume change after hardening of said ultraviolet-rays hardenability resin or 
thermosetting, resin (contraction), the polymer added to a cladding layer and the same polymer can be 
added. 

As for the refractive index of a cladding layer, it is [ 1.55 or less ] desirable to carry out to 1.53 or less 
preferably in order to secure a refractive-index difference with a core. Moreover, it is desirable to make 
the refractive index of a cladding layer the same as the refractive index of said film base material, in 
view of the point which light shuts up. 
[0037] 

The liquefied silicone rubber which hardens as hardenability resin for mold formation, and becomes 
rubber-like especially in the manufacture approach of the macromolecule optical waveguide of this 
invention, The combination using the alicyclic olefine resin which has norbornene structure in a 
principal chain as a film base material for clads using liquefied dimethylsiloxane rubber especially, and 
has polar groups, such as an alkyloxy carbonyl group, in a side chain Especially both adhesion is high, 
and there is no deformation of mold crevice structure, and even if the cross section of crevice structure is 
very smaller still (for example, rectangle of 10x10 micrometers), a crevice can be quickly filled up with 
hardenability resin by capillarity. . 
[0038] 

Next, it uses drawing 1 , and the manufacture approach of the macromolecule optical waveguide of this 
invention sticks like I voice, and it explains. 

Drawing 1 (A) shows the cutting plane which cut the original recording 10 in which the heights 12 
corresponding to an optical waveguide core were formed at the right angle at the longitudinal direction 
of heights 12. 

Next, as drawing 1 (B) shows, hardening layer 20a of the hardenability resin for mold formation is 
formed in the field in which the heights 12 of original recording 10 were formed. Drawing 1 (B) shows 
the cutting plane which cut at the right angle what formed hardening layer 20a of the hardenability resin 
for mold formation in original recording 10 at the longitudinal direction of heights 12. 
Next, the exhaust port for making said resin discharge from the crevice 22 corresponding to admission 
port 22a for filling up a crevice 22 with the hardenability resin for core formation by exfoliating 
hardening layer 20a of the hardenability resin for mold formation from original recording 10, taking a 
mold (not shown), and subsequently, cutting the both ends of a mold so that said crevice 22 may be 
exposed, and said heights 12 (not shown) An exhaust port is formed in the point which counters 
admission port 22a of a crevice 20. It forms and mold 20 is produced. Drawing 1 (C) shows the side 
elevation by the side of the admission port of mold. 
[0039] 

Thus, adhesion with this mold 20 sticks the good film base material 30 for clads to the produced mold 
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20. Although drawing 1 (D) stuck mold and a film base material, it shows the side elevation by the side 
of admission port. Next, the crevice 22 of mold is filled up with admission port 22a to hardenability 
resin 40a for core formation of mold using capillarity. Although not illustrated, the hardenability resin 
for core formation is discharged from the exhaust port in other points of a crevice 20. Drawing 1 (E) 
shows the side elevation by the side of admission port, although the crevice of mold was filled up with 
hardenability resin. 

Then, the hardenability resin for core formation in a mold crevice is stiffened, and mold is exfoliated. 
Drawing 1 (F) shows the cutting plane which cut that by which the optical waveguide core 40 was 
formed on the film base material for clads at the right angle at the core longitudinal direction. 
Furthermore, the macromolecule optical waveguide 60 of this invention is produced by forming a 
cladding layer 50 in the core forming face of the film base material for clads. Drawing 1 (G) shows the 
cutting plane which cut the macromolecule optical waveguide 60 at the right angle at the core 
longitudinal direction. 
[0040] 
[Example] 

This invention is not limited by these examples, although an example is shown below and this invention 
is explained to it still more concretely. 
Example 1 

After applying a thick-film resist (Product made from micro chemical, SU-8) to Si substrate with a spin 
coat method, it prebaked at 80 degrees C, negatives were exposed and developed through the photo 
mask, and the cross section formed square heights (width of face: 50 micrometers, height:'50micrometer, 
die-length: 150mm). Next, postbake of this was carried out at 120 degrees C, and the original recording 
for optical waveguide core production was produced. 

Next, what mixed thermosetting liquefied dimethylsiloxane rubber (made in Dow Corning Asia: 
SYLGARD184, viscosity 5000mPa.s) and its curing agent after applying a release agent to this original 
recording was slushed, after heating for 30 minutes and making it harden at 120 degrees C, it exfoliated 
and the mold (thickness of mold: 3mm) in which said cross section had a crevice corresponding to 
square heights was produced. Furthermore, said type of both ends were cut, the admission port and the 
exhaust port of the following ultraviolet-rays hardenability resin were made, and it considered as mold. 
60 and surface roughness were lOnm or less and 80% or more of ultraviolet-rays permeability, and 22 
dyn/cm and the share rubber degree of hardness of surface energy were transparent, and the lower thing 
has observed mold well. 
[0041] 

The film base material (an ATON film, the product made from JSR, refractive index 1 .510) of 1 88 
micrometers of somewhat larger thickness than this mold and mold was stuck. Next, said crevice was 
filled up with ultraviolet-rays hardenability resin by capillarity when viscosity dropped several drops of 
ultraviolet-rays hardenability resin (the product made from JSR-J 3001) of 1300 mPa-s to the admission 
port in the end of mold. Subsequently, mold is spaced, and UV light of 50 mW/cm2 was irradiated for 5 
minutes, and carried out ultraviolet curing. When mold was exfoliated from the ATON film, the core of 
the same configuration as said original recording heights was formed on the ATON film. The refractive 
index of a core was 1 .591 . 

Next, after the refractive index after hardening applies to the whole surface the same ultraviolet-rays 
hardenability resin (product made from JSR) as an ATON film which is 1.510, UV light of 50 mW/cm2 
is irradiated for 10 minutes, and carries out ultraviolet curing to the core forming face of an ATON film 
(10 micrometers of thickness after hardening), and it is **. Flexible macromolecule optical waveguide 
was obtained. Loss of this macromolecule optical waveguide was 0.33dB/cm. 
[0042] 
Example 2 

The original recording for optical waveguide core production in which square heights (width of face: 50 
micrometers, height:50micrometer, die-length: 150mm) were formed for the cross section was produced 
by the same approach as an example 1 . Next, after making a mold by the same approach as an example 
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1, both ends were cut and it considered as mold. The somewhat larger ATON film (188 micrometers of 
thickness) than this mold and mold was stuck, and said crevice was filled up with thermosetting resin by 
capillarity when viscosity dropped several drops of thermosetting resin (product made from JSR) of 500 
mPa-s to the admission port in the end of mold. In 130-degree C oven, this was heated for 30 minutes 
and carried out heat curing. When mold was exfoliated from the ATON film, the core of the same 
configuration as said original recording heights was formed on the ATON film. The refractive index of a 
core was 1.560. Furthermore, after the refractive index after hardening applies the same thermosetting 
resin (product made from JSR) of 1 .5 10 as an ATON film to the whole surface, heat hardening is carried 
out to the core forming face of an ATON film (10 micrometers of thickness after hardening), and it is 
**. Flexible macromolecule optical waveguide was obtained. Loss of this macromolecule optical 
waveguide was 0.33dB/cm. 
[0043] 
Example 3 

The original recording for optical waveguide core production in which square heights (width of face: 50 
micrometers, height:50micrometer, die-length: 150mm) were formed for the cross section was produced 
by the same approach as an example 1 . Next, after making a mold by the same approach as an example 
1, both ends were cut and it considered as mold. The somewhat larger ATON film (188 micrometers of 
thickness) than this mold and mold was stuck, and viscosity dropped several drops of ultraviolet-rays 
hardening resin (the product made from JSR-J 3001) of 1300 mPa-s to the admission port in the end of 
mold. That to which this mold and an ATON film were stuck was put into the container decompressed 
with the vacuum pump (l.OPa). The crevice was immediately filled up with ultraviolet-rays 
hardenability resin by capillarity. After taking this out from a container, mold was spaced, UV light of 
50 mW/cm2 is irradiated for 5 minutes, and was stiffened, and mold was exfoliated. The core of a 
refractive index 1 .591 was formed on the ATON film. 

Furthermore, after the refractive index after hardening applies the same ultraviolet-rays hardenability 
resin (product made from JSR) of 1 .5 10 as an ATON film to the whole surface, UV light of 50 mW/cm2 
is irradiated for 5 minutes, and carries out ultraviolet curing to the core forming face of an ATON film 
(10 micrometers of thickness after hardening), and it is **. Flexible macromolecule optical waveguide 
was obtained. Loss of this macromolecule optical waveguide was 0.33dB/cm. 
[0044] 
Example 4 

In the example 3, mold and an ATON film were stuck, it drew in with the diaphragm-type suction pump 
(maximum suction force 33.25KPa) from the exhaust port of mold instead of putting what hung down 
several drops of ultraviolet-rays hardenability resin to the admission port in the end of mold into the 
container decompressed with the vacuum pump, and also flexible macromolecule optical waveguide was 
produced like the example 3. Loss of this macromolecule optical waveguide was 0.33dB/cm. 
[0045] 
Example 5 

Even the process which forms a core on the ATON film in an example 1 was carried out by the same 
approach. 

Next, lamination and flexible macromolecule optical waveguide were produced for the ATON film (188 
micrometers of thickness) to the core forming face of an ATON film using the adhesives (product made 
from JSR) of a refractive index 1.510. Loss of this macromolecule optical waveguide was 0.33dB/cm. 
[0046] 
Example 6 

Mold was produced by the same approach as an example 1 . Next, the somewhat larger ATON film (188 
micrometers of thickness) than this mold and mold was stuck. Viscosity dropped several drops of 
ultraviolet-rays hardenability resin (product made from NTT- AT) of 100 mPa-s to the admission port in 
the end of mold. The crevice was filled up with ultraviolet-rays hardenability resin by capillarity when 
drawn in with the vacuum pump from the exhaust port of mold. Subsequently, mold is spaced, and UV 
light of 50 mW/cm2 was irradiated for 5 minutes, and carried out ultraviolet curing. When mold was 
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exfoliated from the ATON film, the core of the same configuration as original recording heights was 
formed on the ATON film. The refractive index of a core was 1 .570. 

Next, lamination and flexible macromolecule optical waveguide were produced for the ATON film (188 
micrometers of thickness) to the core forming face of an ATON film using the adhesives (product made 
from JSR) of a refractive index 1.510. Loss of this macromolecule optical waveguide was 0.15dB/cm. 
[0047] 
Example 7 

In the example 1, after warming ultraviolet-rays hardenability resin at 70 degrees C beforehand, hanging 
several drops of this down to the admission port of mold, and returning to a room temperature, 
ultraviolet rays were irradiated, and also macromolecule optical waveguide was produced like the 
example 1 . Loss of this macromolecule optical waveguide was 0.35dB/cm. 
[0048] 

[Effect of the Invention] 

A production process is simplified extremely, and the manufacture approach of the macromolecule 
optical waveguide of this invention can produce macromolecule optical waveguide easily, and makes it 
possible to produce macromolecule optical waveguide by low cost extremely as compared with the 
manufacture approach of the conventional macromolecule optical waveguide. Moreover, by the 
manufacture approach of the macromolecule optical waveguide of this invention, a loss loss is highly 
precise few, and the flexible macromolecule optical waveguide which enables free loading to various 
devices is obtained. Furthermore, the configuration of macromolecule optical waveguide etc. can be set 
up freely. 

[Brief Description of the Drawings] 

[Drawing 1] It is the conceptual diagram showing one mode of the production process of the 
macromolecule optical waveguide of this invention. 
[Description of Notations] 
10 Original Recording 

12 Heights corresponding to Optical Waveguide Core 

20a The hardening layer of the hardenability resin for mold formation 

20 Mold 

22 Mold Crevice 

22a Admission port of the hardenability resin for core formation 

30 Film Base Material for Clads 

40a Hardenability resin for core formation 

40 Core 

50 Cladding Layer 

60 Macromolecule Optical Waveguide 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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°[»**i 3] 

**ftffif-*£ fc i'^tfilfl 1 KB*©*** 56«jRBal!ft#tt 0 

is*ai 4] 

*ffi3T«ttfflWt14ftfi*>tt£j&U OmPa • s- 2 0 0 OmPa • BfAiittft » 
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[Ig^Jjt 1 5 ] 

1 8] 
9] 

siriB * 5 ? Kffl 7 -f * A&tf&tf* ? V K.f t 3 7 1 $ff *S A' 0.01 Jil±* * c * 
[St*«2 0] 

i) *a»£ffi«4bi£ttiBafiMb.**fe#£?4t, **8fee3rfl»K»i5t*ia 

S&fc, »ElgRK3T»ttffla<t14«IKS'3S5*'f*fc*OjBAPi, WJEEflSP^^ffilBiSJii 
7& s Ja.»'Sr * 9 ? KJB 7 4 to ? * 4 Ifl, 3 ) * 7 ? VM 7 -< to A **T *?P» 

[0 0 0 1] 

[0 0 0 2] 
[&*<?>&%] 

ttfc**tTJB*f***ft**7-f „ (2) 37 

RIE&) v (3) *fl^*tft + K**1±Ottfl-t«ftllLft*nfil« < fb#lil*fflv»T, 8- 
56 • S&ftTft 7 + y ') V ^7 7 -f . ( 4 ) ttdMK$**l 

(5) 3TJSJtZ^^5 v Hf*i*f. 3r»tS*LT3TWOffl«f** 
*ft«**»» (7 * >-7v-*^y*) *£<ilS3*LTv*ft 0 

asu ( i) 4>*RS£*tf 7 -r/ui%o» m«*«$> «j > (2) * (3) 

ttflfeWfc«ft.fc*fflft&*ftHU (2) ^ (3) ft) ft BO w £ 
37> f- LT ( 1 ) *V»L (5) 0^"f TcraiST'? V 

tot* 75 y *£#usa-?#«»*i&tti-a oc^B L ? ft *>«reutfcn 0 

[0 0 0 3] 

'jv-#ffi#ttft^s<**?nefb?nr3Teiraua*o»^s^*$4i*tes 
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£# ^ffiS'K 1 U - t L U-C v t /-? - ( VT U * -f 

n t l , * * t: 7 v - A u 8 
« t L -c 3£« ? * , * -v e 7 'J - tun k |jt* y - #3E« *ft*v»J:*ei** TyS ? 

-c # u - k * * Ro#anx**^ § < » a a-^siKiioa ia $ < * & ^ ? 

* HfcT*JW*t*£i:tfT**i»»o *5 * Ki LTWiS^mm*- 

1 mmJ&TFO? -f tffl^*S^f-36#*»OftjtKaffl-r* it UWI6T** 0 
[0 0 0 4] 

4*, Jta, /w/<- K^OG gorge M. Whitesides *>tt, t.^ 

# v : j * -r )wy u**y (pdms ) <rmm^t $5 &im&*wm i t-v x *m<7> 

[0 0 0 5] 

K^coG eorge M. Whiteside s *>$ r fl'-7V>K i m En 
4 * ? * #o 0 

[0 0 0 6] 

4fc, I BMfa'J v fc$jfft/?r<OB. Mi c h e i £> f* P DM S i'V«:?Sfi£<ftl5t0> ') 

Tv»*o If Lv»flKttE*rt, ttTO**rft*flt2 fcEttSfttv*. i^)J:-?(:, PDb4 
S frtt-a * v 7 f •) v ^7 7 -r - Jftflf %m<g*?J 9 u*- jw KIStt, +^t?;dv 

[0 0 0 7] 

«#»Ctt*«r'h (Lfcj& I oTaii8Ufe***<'*4) it fc, 

****** < tic t **jfe»Kapi;t% 36*a#ottK***R*WTtt* i 
fctf-Ci-f, < 4 «J , lifiMMv^ iifeTBeo^-f ^n*-iUK»li, 

>l< A Jttt * ffl ^ 4 i « ? ilT^^'^o 
[0 0 0 8] 

w* 1 1 

#ftfi«3 1 5 1 3 6 4^9111 
[#S?*^ 2 ] 50 
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*sfftt 6 3 5519 s^mmm 

SCIENTIFIC AMERICAN SEPTEMBER 2 0 0 1 (Bft^* 
>X2 0 0 If] 2/3*) 
[$%fPfjCf$. 2 ] 

IBM j. REV. & DEV. VOL. 4 5 NO. 5 SEPTEMB 
ER 2 0 0 1 
[0 0 0 9] 

[0 0 10] 

**tt^Aff*^5 ? Kfi§7-f .1/Altt*tt?*4l8, 3) ^5vKH7-fWStt 
[0 0 1 1] 

( 2 ) SB*?? Kljft^ ? ? KflliMkttttffifrifc* LfclMHfc*** i * ij $ 

(3 ) fiiiie* 7 v KJI» { ? 7 ;> KJ3 7 -r )M* *$7 4 iVA i: ffii/»JBl>r¥4'<>-^ft#a!lK £ 
•? tt f) ffm s it* si 1 t f*i»a ( l ) fc*e*«S 

[0 0 12] 

(5) mrE^M^gSi^^^-^l 0 d y n/cm~3 0 d y n/c m"C44tt*1$ 

(6) «rB»flO^*T (Share) 3*a«*#1 5 - 8 0 t*«f 

(7) firf£$#i!<0*@t§.S#0. S/imJsHT^abaifcSrWif *WIIB (1) KE««> 

( 8 > ws»s* | sn««ao r /xttflriawAn *^T*a5i j tt-e** - t *$& 1 1 « 
*k ( i ) Kia«o*^-*#8feBo».iat*Jto 

(9) RS»?? KJI!7<r *AStt*)JB*r*4<l. 5 5 EITT** i fc *4***-r*»* 
[0013] 

do) site? v * Kffl7 < .'^ItsliSr? y ^8174 *at%:& c t itiWtk 
■t*i«E (1) tEttO*»-f*«>«E»oS8iS*fe. 

(i i ) vm y >< )\> a i^ent^* i- 7 a > mm 7 << jv a -c& « 1 1 s-#® 

*+*tfrE (1) KE«0*^*»atBO«at*fto 

(1 2) ftEffiStst* U-7-f ^®fli7 -f fl/A3& f ±an/JP#**>»i&4r*L*ofl|im 
ffittfc* o»B 7 f ;W> -c** tttlt 1 7*SfE (1 1 ) eE*4>Xd>?**fiMI 

[0 0 14] 

(1 3) »E3T®ttffla<t14ttffi«'^1ffil»KJ:«Jl!JE»aolHia8U3ejS-?-*IfiU 
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(5) JP 2004-85144 A 2004.3.18 

(14) mte rr^^mimm^iim^ iomPa*»~2ooomPa*»-c** 

(15) *Ea 7#fcatt<bttaffi*«Hfc***: t 1 0 fcUTT** c t 

(16) JUTE* 7? Kff OJBJftW* 9 ? KJB7 -r*A&#fcP5 
affile f l j C£itoft£?%*Slfteaifc£&« 

[0 0 15] 

(1 7) 3 7cog« ! l Opm- 5 0 0 ^mO«HK**it«-4*Sfc't4b»Sa ( 1 ) US 

(is) aca TMmmfttemteQWkVivmiffW 1.50 .1 * t 

Taffiffi (l) fcE*oSj3^3fc#a»«>ait£a!. 

(1 9) tftm? v ? K/37 -r ^Alft&i/* 5 v F.l i: 3 7 1 aflff¥£4<0 • 0 1 w± 
**it*4**ii'f-*»8e (1) K!e*oS5^*#«tt<z>*i6*B:o 

(2 0) 1) aa#Sffl«fb1taffi©Wfba*&^*3ft-* **«tt3TCi«K>j- 
*-i-*KI»fc, aiH»fc3 7E«aafb14flafr*a*afc&oaAPi:, ft&GQS** 
afBWII*«|!tt?*4^:0©»Sint«:#+*»a*«»+*X|S» 2) HcKHI: 
*>ap*1t#Aff it* y 1 Kffl 7 f ,vAitt*«3*4I8, 3) * 5 v 7 ■< *a! 
*f**»3*fcaS<»«AP!fr-fc* 3 7$*aaMi«afrsSM«*KJ: >?»ffi»S«> 

ia»fc£a*ai8. 4) fcaLfcarfcjfcfflafbttailtafts-fcale* **+aa i0 

[0 0 16] 

2 > »suf?7Kt &a $aa t cr>®m'mw* t^y k« 7 .< * 2 * 

a Iff 

4 ) 3fe«U3 T«ttffl8fbi*«iii*fMb & &®i-?7 y v® y * &»a 

-tarn 

5 ) 3 Ttf»fM S ft* * y y KJB 7 4 * A£#oo±U ^7 Kl IS 
[0 0 17] 

e^i^3 15136 4-?(Ha*Keaor£&B3ii#a) % *au&ft$ft*:i!9fta& 

Utt-Kli, flat*?? JWAjfctfonuSWJ^&^atift^ 3T#*fflfiHk 

14W8* aECMJO* KiB A * * 4 i t * * i i * Sv»tt L c fc < 4 ^> T » « 

oftfi^ttUJ: i), m&n*#/l>fc ^fWflhoA * 

1 1- a 7 u 4r ?/ r ;u * * a^stta #a *b *t a « ? n a «*ta * s & 

[0 0 18] 

j^t k s u * a sa*»**u»<&a&*»*i«)Kfc aw-r a, 
i) aa&maatttiaffioBHta^feft&ttJu *o, *»a»3TCi»K»i6taia 
aiHsuusTjgftffiaftttaffi^afafcoojBAP-t, «£G9tt**aiBM 50 
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(?) JP J004-86144 A 2004.3.18 

* $ a * ^ & ft # <t>se dj p t * ^ t s ^a * ^iti- * 

. iftUfSSSft-iS^-Cfifc^o KlTTIi, E«*J8^*£fcfco^T8ttlirf *. 

<aaafta> 

3fc**»3Tli#«f*ia»*««L<:S*Ofls»U<i, &*<7>*f£, ft* X.U7 * h ') 
v/5 7 f -fe*#KttHfr<ffl^* 4ft, *WSIA#ftKJlJ«LftM 
ftXtttt«»8cfc I (#B2 002-10240 £ 

S»*S{^?3f#&a<oB&$Ui&i;T$±&£&ft<&< > Wxtfv -v*"**- Kffloo%#ft 
»©*<frUlix 1 0praliSt«>37t Kffi05t*aB*>*6'Uli, 5 0- » 

[0 0 19] 

, mmv&mmimmffizitisirzvmi. {&Sfc«cie*Hui*i*:fcs 8»a*« 
ef bttwn * 55%-*- % ft * «>* a □ , a if nrEia«K »ib t * la e> flcaa * #ta * 

»a««fl:a*i**Lfc»a«LTa**»K aeoPwa*wiEcasu*«*aT*j: 

* n« a t * i t k i i) iiA □ a □ * Msx t * a«w h ft * o 

. 1-50 mmftKa<H«T* * • 

4ft, «s«*ca*6^u*Ksaifc#*ir«o»a«S'ff*oT:»fifco5i»S:«a 

[0 0 2 0] 

»a»*ffl«<ttt«iitT»i, *«a<b*j&«aa* it, ssa (»*> 

aagftfflaiktMiBtii. >&a w6 cT#cttana * >- 1 *«-c * *• 
aama«fbttanu, aaoaafcatf^fca^M-acfcOTa-e* 4 ft* aau^ 

A 3 ft ft a * ##8fctt 3 T K »I6+ * fl g&* iE«K 9 UR «5 i t ft tf * *b * »*> t\ * 
*HtttT«)ttt, ft fcittf, 500-7000 mP a - BSftt*+*£fc*«ff * L</' 

o *«wu*^tjb^* r*a$aaaftttMBj ©twi, mi&* 

3*a ttfr fc 4r * * o <> * 4 ft * • ) 4 ft x ttKfltia ft *> K * > $*d 0£*V4< 
Hi* v*aft u jjq u:i#ti*, 

[0 0 2 1] 

Braaa^stffla^ttaai: n%<»zt mmte, await • at 

% 7*-*5'0*+>at*tr 4»OA«flf4 H>. 4ftv tfeafctt* *#V>K'J VD*# 
^»i:> — »a« twr?'ta<b#Jfca*-&!b*Tffl^*r*a©'fe«>t?i J: < * 4ft> l*ig 

[0 0 2 2] 

fceoi£4ft&) i^?ftT^*^«*^^f>ft, a<ifllfli:a*'fr ! b*Tfflv>*r#ao 50 
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[0 0 2 3] 

*f$#l. 4 3M*«^fc*K» £*iar.&fl:ort:»aHU ^9-;Kffl*»HHll?4 
TH, KJBfcL-CfUJS + a fi, fta*, tE*L 

fenr^afflftfiXCF* 7 v Kffl fttt t aft* a * f *i * ^» * * ftlWRK**, 
[0 0 2 4] 

0-7000 m Pa • sll,f«<)^!if^ L<s 5 *bKfi> 2 0 0 0 - 5 0 0 0 m P a • 
[0 0 2 5] 

»S«$jBi**^-li, 1 0dyn/cm-30dyn/cnu «F4 L < 14 1 
5 d y n / c m ~ 2 4 d y n / c m*>f£® £ i AS £tt 7 -f t «0&3i1£<7> jft* 

»So->*7 (Share) 1 5 - 8 0 , tfi L < {4 2 0 - 6 0 £ 

i*a©£affl.3 CffJSfi? (RMS) ) 14, 0. SfimUT, &£L<540. 1 // m 
WT£*4 C fc#* ajMttf!BOjft#-e>*-C&* U><> 
[0 0 2 6] 

LT«tt«e-ffc*frifcfc-C*«K *fio» mnmm (2 5 0 nm-4 0 0 nm) *3 ^ 
[0 0 2 7] 

SttBflHfctt* * <; ->d^>, «t»?*efli»s< 3- ^ a* a t hW^/ u 3- > 

Cfc#?$4o iOJt-i*5"j3-^a-A*fflv»*:j»fl{ijei|tJtKafit9LR"J, *v 

CiOTtt* * IK $t>K*7? Kffl&tt**a«>*li!H>8&T*4 

ft®. 4 <> 

[0 0 2 8] 

, *e0ffi&Kjfci;Tg?ffi7'i' H'^lt^i LTI4, *Satt*03fc 

+4 i i: 4 iirffi-7 f .va h L'C {ifltltST * 'J 7 -f ;u A , mm*.* u ~? 

7-f *Agtf«>J!HUrs*Wi, 3Tioiffl*rr$g*«tM-4*:^ 1. 5 5 <t < % » t 
t < »i 1 . 5 3 «t <9 d> » < ^"4 £ kamt t'/'o 
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[0 0 2 9] 

xf,tf»gU«ALc, OZ-IOOO, OZ-1 100 <Bfi<kJft (ft) S) 
i^fcitft© 

I. T »i JR 1 3j» ^ 6 O t <0 ^» -> * n 7 * Jl/ Jt ) ^ oSti 4 * t o i © * *«6 f> *L ft 0 
£«coffi&£fr ^MAi J/ 7 4 >m\ts fcMtt* <MKW 1.50 •) , 

attflK&LTt'ft, 

£ £ , ifrie v < * a gtfoiy $i j 7 1> * e r •< - 1 mtt*fc >9 &v»*>gfi 

LtaftUfitfft, -i&»Kli0. lmm-0. 5mm^f lt^, 
[0 0 3 0] 

ass*K jt tjTiiiE»s!^>iaa»i36iiitftiii 

ct^tlv *ttiR«4k1£ttgB R IIMBf MMH IBjWJ * L < ffl v » <b ft ft o 

fiiiE n Testis offnmfistttinxaMfHbttfirn t l t a , «n»«<ti*xttswgit 

11«>* y -7 * =r-7-g l < - *«J =f^- ofi-^tt W * L < Ev> t, ft ft 

L<fflo>*>ftfto 
[0 0 3 1 ] 

jNB:ttKT**iiMSV*4 D LfctfoT* ittEttbttflfffOttftfi* 10m Pa • 
s-2000mPa • SlUliZOmPa • s-lOOOmPa - 3, Sfcjf i L 
< i*3 OmP a • s~500mPa • s K + ft?>;?<#£ Lv> 6 

ieoii*«u % ru»jcr *a»* f *r ft7c«^tajfiiftu 

fffWftfcO, ffiE«^tt»ffiw«fblW«^^^b36 < /h*^ifc*^R-r'**o Wit if 
v #«#*il?+*i#8HI*ORSfcfr*<> Lftj^o-C, illlER*fc1*tt«li* IMftXftrt* 

o «»*fflt>TflMft9HM-ft C £ i±, «fctmo#IHMb**fc* ^0"CT* fti«»tft* 

3 7^*fflRfbtt(IIJIBO«fb»0#l!tgMfc (tsM) **8<t*fc*, TWE«ISt*y^ 4S 
-S-SsSflTftiii^r-tfto *E#'J^-«3T»*ffl8Mbtt«||Hi:(0««14**L, o- 
o!S#SI<0JS4ff^. !f14^> £ l#tt£»* v» <> 0## * U><> 
-**Jwi"ftitKJc *<MMMfc**s <+*4l!, ttK**flai»«>tf***5»jft**K 
uiwat?**. 15E# tTtt«*.«*7* 'J * * * ') JURfc, jciK^^JKo 
4i ©#ffl ii» t>4tft d*» C it & H.£ 3 ftft 4j OTrt 4 
[0 0 3 2] 

) coX8UU»tft*' 9 7 KJIIr^tr) JJ^^ft^Cfc^R-C, 1. 5 0tt±»lf*t< 
(il. 5 3W±C*ft 0 ^ 7 K (EIT©5) OIgKiJ»t* * 5 ? KJg^i-tr) t3T 
<7)!fflJ/f^<7>^Jj:, 0. 0 ltl±, »4 KtfO. 03tt±"C**. w 
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[0 0 3 3] 

ffiji-T 4 rzftiz, f 0 . 1 - 2 0 0 P a Sit) ~?& £ t tm 4 I !/»• 

J ilri2^4r-fS)ti-*^*. airiemcOME^JDx.-C> &SOjitADj&-ib:£i«t4:3 7 

[0 0 3 4] 

3E« U n TfiaS SHkttttflB * Rf b 3 * * • #*&Bf bttttff * Bft 3 * * k HU *n 
> A «»t£ LEDv U V JRtH* Jfl ^ q> it * • * » &«£ft t$£}JI * «fb 3 * 

4£> flKEi) ~3) oie*Cffl^**fflli, fflff^^fcftfctKfctftf-eo***!?? 
KSCffli/»*itiiirffi-C, £*>»frWU *^§friiiiiT4«£^lifr <*eo4 i^y-y KB 

9N"4 4 U'„ 

[0 0 3 5] 

5)37 3 it fz 7 >< A £ tTQ ±K * 9 V KB *#J&T * 18 

a 7im& 3 *•£ 7 -f *4>£#o±£ ty? KJt *#At«#<« * 9 v YW t IX 'd 7 i 

- N y 3-7-« L < it* J~* - 1 * 'J =r^ -wfi^tt^ffl v» t> ft 4<> 

Kjg«fflwbtt«ifioeft*©#i»*it (jane) */h*<-r*it»»i, imiitffl 

£tf * * •) *BUR» i^->^) frgEttlfflfcffiiiq?^ :tm 4 Q 
[0 0 3 6] 

ttwexiiM-fbitntiB^ff 4 L<fflv^ft, ^iifie^ttxfittwkft^^ j 
, kb k ajn-r 4 »k >; -v - 1 m m<r> *■ ■) ▼ - * mu-t *iis 5 t§i 0 

. 5 3&Th-ti>zki)mi U', 4£, * ? y KBO«#r$*ffif£7 4 JVAg#«0JS*r 
[0 0 3 7] 

(£ tiifioxio ,< m^Jg) «fflm*£ J: * < lW*Stfbtt#}ll*£&-*-4 
[0 0 3 8] 

mi (A) «3ti«t»3TKitai'r4ia»i 2«se3ft^!isi o$-, asui 2<o*# 
mtfcomtm 20a *«*+4«» a 1 cb) amm 1 0 ^Hia^^ffl^b-ftwus^^k 
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ffaMffiWbmK^VMbff 2 0 a*a*i o*&siiiUTa*t (B^-r 

) , *i*?a«>Pf«» 2 2 J: a K«Rt* d J: *K Efl« 2 2 K. 

3T#«ffl«ftttttffi*3te«f **«><&fcAD2 2 a, x^miafigM 2u*t«-ra>iasu 
2 2*-f>airE«K**|!{ii3*»fc*©#tiin (H^-tf-fo #HiDii» is&2oo, mxa 

2 2 aKttto** fciBSIH: ) *«JftLT, 0tft«t*. Hi (C) 
tt*aoaAPfl*>fliEB4:ji«-*\> 
[0 0 3 9] 

z%>&* k inm l £*& 2 o &*a 2 0 1 o*«tt^jt ^5vkji7^as 

«3 0i'ff?'n o 121 (D) li, MS 2: 7 4 *A**t«-*»**/fc"bOOitAPfl«> 
flffiB**T« *SSSeO«AP2 2 a*&3T#*ffl«ffc14*|||B4 0 a*, ^ffltll » 

**«fflL-caifaoiaai2 2K3E*+*« b^l*"*'* op«2 oo^oitsBiain**^ 

tiiP^<o{i3TB5e^|£^«}Si50 ? ^ffi?it*c Ell CE) tf^aoTO^tWfl!*) 5 

»aca»rt«>3r^ttffl«fbte«ni*«'fts'-fr, »s*sihm-* 0 11 <fj si 

)?v KS7.f*A|^3 7MS^^7;' KJ&5 0 * t * C i t* J: »> » 
*»«Ol^«ltt8 0^I!?W, SI (G) !i, l:^*l«S66iU3Tf 

[0 0 4 0] 20 

[£SSffll] 
gttM 1 

S i IftKBUl"?* h 9X3**1) iU ffc) Ss SU-8) N*£-?-fi 

M<Q(h& (M : 5 0/im, : 5 0 « nu ft? : 1 5 Omm) £7^$ Lfco £*i 
4- 1 2 0X?"C*** IT, ^»R3TflsftJfl«»*fli«l.fc. 

3fcK, co««W*a*ltJ6*Ljtft, ^^bS^ttv^^n*^:^ (^737 
= >/T*/Ttt*:SYLCARD18 4,ttlt5 0 0 0mPa. s ) £CT£o®fb$iJ* 30 
m^Ufc<X04r«ltLii*, 1 2 0tJT3 0#Mi»*L-C«fb3*fctt, SISLT, «GK 
B^iE^JBoCiaHcitiSi-ilHSKrfiFofca (»S«>W* : 3mm) *fls«Lfco *€>U 

v iitii2a<oiia*»BfLTTB«?^*wbi±«a^»xax^»ftp*ftj)»at l£ 0 

^S«k®^^^^'-» ? 2 2 d y n/c m, >i7^ii|t^6 0, $®*1.3tf ? l 0 nm 
8 0 %fcLf?& t) , i fc, aWTT© t coriU < HfcTS fee 

[0 0 4 1 ] 

ico^Sfc, <? Hal nggJP 1 8 8^m<77-f *A£# (7- yyy4»A % 

j SR (ft) iS., Mrfl. 5 1 0) * *3gf ? * * . SSfSO-jiilCifcfcMAPK, 
1 3 0 0 mP a • s OinilW <JSRttft:PJ3001) <rftHff £ 

k z h , %mm#.% k «t ttGiattKMnM^tttte^M s »-c, 5 0 « 

7-f *A*t>i|»L*:ii*, 7- f. /uA±carjBRfiflSISilsiU«tt03T*^ 

7- h >vao37^b£sh, ^kskwaurwr- )• ^7 < )va tmt 1 . 

5 1 OTJfc&WmMftttttft (j SR (ft) S!) **3iHjfe*Ljta, 5 OmW/cm 
2 ©UVJfctl 0 9-BJH«LTKnift8Hk** (flHkffceRB 1 0/rni) £<> 7l^->/ 
*fr*^:)!Wl«MM*&*.rt:. C^**-f3fc»*ttOS*rtv 0. 3 3dB/cm*C* 

[0 0 4 2] 

^ isUll 2 so 
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(12) JP 2004-86144 A 2004.3.18 

1 h R C*|feU X 15 tfBj&«jE£}&<*>aS& (IB : 5 0 ^ m, A * : 5 0 /* m, fi * : 

1 5 omm) #«*e*t/s*»fett3rft«ffl^iR«*ftaujt. Mm fcwc 

mPa • 8 0fea<fc1$«li (J SR (1*) §?.) Itzkzh, €JagB«CJ:»> 

«ft2ia»K»«^i4iiiJi^36**nfto 3 ot;*>* -r>+-c 3 ofrfwtn&L-c 

(fta-fk SIS * T- f > 7 4 * A *£3llt Lci:%, r- h > 7-f >ua ± gff s 

HSGgIS i |BJ U WO n 7jW&£ ? ft£ o 3 T^fflff 1 . 5 6 0 o Tto 3 K v 

t— h^^-f Ji'iws Tjfjtfe® u , mt&vmft^tfT- v >y<< )Vhtn\:. i. 5 io 

WfeaitiHStB (J SR (fc) S) ^OKtt*L^tt, HfefiHtS* (SttlfcaRBl io 
0«m) /Co 7l/*3'7*fr?l^***MfcftjWie>nfco £©*£***ftttOil*tt» 
0. 3 3d B/c mt^ofc, 
[0 0 4 3] 
^&#I3 

(Jgl?l 8 8 am) S|S^>-»t*4»A.DH» 1 3 0 

OmP a • somaiefbttn (JSRtt«:PJ3001) *Sfc*«i: Leo ieo»fi 
fc7- h>74 *A*af*?*fc<iOS;, Ha#^^*CIME (1. OPa) LfcSSKX : '° 

■X»JHJLfc»N 50mW/cm s «DU v**sfa*aLT 5 ^wuajw-urffi'fk?*, $s 

tUlit^o 7- h y 7 A *A±U)BSf* 1. 5 9 l«)37#ga?^o 

?<b^x t- f- v-?4 ;viv^)3T^H(; v «-fbftoJfflSfW^- K^-f/i/AfcHC 1 
. 5 1 0 OS*rail:13M (J SR (*) S) **BK!fc*l.fc», 5 OmW/cm 1 
OUV3fc*5»«JHWLT*n«efk$* (CftftalJUP 1 0/*m) fco 7u*->7 , ft'& 
*ft?»ttflbWlfeft*: a £0»$^*«tt*«>il£ii, 0. 3 3dB/cm^ofc 

'[0044] 

sttMttttm * 6 AS'K^ r-cMttt u * g»u a n *> «j u , 

»flO»tBP*-f)^'f'Y75AA«5|*>7' (**«5l£E3 3. 2 5 KPa) T*3|i*4 

#«»<7>a*»i, 0. 3 3dB/cmt*-p^ 
[0 0 4 5] 

^ 1 . 5 1 0co&5B#J (J SR (ft) ft) *foT|»)&^ 7l/4->7*fl/&Sft-?:)fc 
Lfc. COSS^it^aoa^rt, 0. 3 3 dB/cmt*ot, 

[0 0 4 6] 

7-f^A (Blip l 8 8 Am) *3ffJtS-£fc 0 ^S«-aSt*«jiADU, *5.t*> ? l 00m 
Pa • & (?>&M&mm®m (NTT — ATttSS.) *&SB«fcLfco *fiO»»D*-t,K 
> 7-x?*9 1 L tz h i o > «t H»U klttttt^^R ? ii tz<> & 

^T, 5 0mW/cm 2 OU V**a»a*a8LT 5*Wffi»U'C*n**'(k?*ft« 
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(13) JP 2004-86144 A 2004.3.18 



- o 



*1. 5 1 O0&tt*J (J SR (ft) 8) *«oT»i)*fc*, 7k^->/H^r3fc 
[0 0 4 7] 



^Jt^ftKSrfftiLfco COjS^Jt^iftttoliSlcli, 0. 3 5 d B/c m '?&o£o 
[0 0 4 8] io 
[IS 18 <*>«)£] 

[niffl^fa^^ia^] 

[m i ] *mv#ft*K&mi<»u&x®<v-mm*?n&®X"$>i>o 
i o jss 

1 2 ft#j£S& 3 ? * flse 

2 0 a ftSMraftttft JBaettff 
2 0 

2 2 mease 

22a 3 TMSLmmt&mnmx p 

3 0 ^7M7UAitt 

4 0a ^ rBAffiCmiB 

4 0 37 

5 0 * 7 -y KB 35 

6 0 ftj^T-ftfltftB 
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(14) 



JP 2004-56144 A 2004.3,18 



mi] 



10 



±j) r n "i n 



[0) 



,n n -i n.ri d. 



i? 



mo 



[... n R_r_/i_n_' 

22 •-' x ^2^i 



_i^_JL_CLJLJLJtC: 



_L4Da 



f>0 



_fi_fi_-fi_S_B_JL 



an 



http://www4.ipdl.inpit.go.jp/tjcontenttrns .ipdl?N0000=21&N0400=image/gif&N0401=/NS... 9/3/2008 



Page 1 of 1 
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(72)^# if 36- 

F$~AC#*) 2H047KA04 FWD2 PA21 F¥>28 QUO QftOS TA31 TA43 
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